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THE  DESIGN  AND  DEVELOPMENT  OF  THE  ARCHER  SOUNDING  ROCKET 


Prepared  by: 
II,  J.  Gaum  a 
R.  H,  Cornett 
R.  T,  Grove i 


ABSTRACT:  The  Naval  Ordnance  Laboratory  has  designed,  developed 
and  conducted  free -flight  tests  on  the  Archer  sounding  rocket', 
Archer  Is  an  economical ,  single-stage  sound in g  rocket  capable 

*  25“Pound  P*yload  to  an  altitude  of  100  miles  for 
IQSY  studies. 


The  aerodynamic  as  well  as  mechanical  design  considerations 
used  In  the  production  of  this  rocket  are  described.  Included 
in  the  aerodynamic  phase  are  the  configuration  design,  the 
investigation  of  stability  and  the  determination  of  aerodynamic 
loads  and  heating.  Structural  integrity  with  minimum  weight 
and  ease  of  manufacture  are  prime  considerations  in  the  mechanical 


Archer's  performance  is  predicted  and  comparisons  are  made  with 
the  results  of  the  first  two  test  firings. 


U,  S.  NAVAL  ORDNANCE  LABORATORY 
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bomb  t  a  of  inertia  as  function®  of  time  are  plotted  In 
Figures  2,  3  and  4, 

A  nose-con#  driving  and  photograph  appear  in  Figure®  5  and 
3«4„  respectively.  The  note  coot  vaa  nanufacturad  of  flberglas 
with  an  ablative  layer  of  epoxypolysulfide,  The  nose  cone  is 
uapresaurlaed  and  it  1*  planned  to  jettison  It  near  apogee.,, 
exposing  the  instrument  package.  This  will  be  accomplished  by 
means  of  a  timer  and  heavy  spring  arrangement,  The  nose  con®, 
a  minimum  drag  secant  ogive  with  a  hemispherical  tip,  is  38,7 
inches  long  and  has  a  0,200  inch  thick  wall  composed  of  0.100 
inch  fiber glaa  and  a  surface  coating  of  0.100  inch  epoxypoly¬ 
sulfide,  Total  weight  of  the  no**  cone  is  4,37  pound®.  The 
folum#  available  for  Instrumentation  inside  the  nose  cone  is 
roughly  that  of  a  con*  f rostrum  whose  length  is  18  inches  and 
whose  major  and  minor  diameters  are  6,810  and  3,875  Inches, 
respectively,  An  additional  ID- inch  cylindrical  section  is  being 
added  to  the  nose  cone  by  the  Naval  Missile  Center,  Ft,  lugu, 
California,  to  make  room  for  additional  instrumentation  peculiar 
to  the  test  firings,  This  addition  will  not,  however,  appear 
In  any  Archer  production  rockets. 


A  drawing  of  the  Archer  engine  is  shown  In  Figure  §  while 
the  operating  parameters  are  listed  in  Table  2,  The  motor  1® 

ICMil  Inches  long  and  7  Inches  in  diameter,  with  the  caw*,  head 

»■«*  * . .  shell®  mad*  of  heat-treated  steel.  It  operates  at 

. . . . .  internal  pressure  of  1200  pal  and  develop®:  an  average 

®«* . . . .  thrust  of  1.375  pounds  over  a  35  second  burning  time 

(Figure  7),  Total  Impulse  is  48,000  pound -second®,  The  pro- 

. . HIM t  grain  in  cast  of  Arcit#  427-IS,  an  alunlnixed  plastlsol 

propall . .  The  engine  center  of  gravity  as  a  function  of  time 

is  shorn  in  Figure  8. 

T'Imi  cane  is  Insulated!  from  the  . . jpellant  flame  by  the  ns® 

. . *  . .  ■oldad . In -place,  41-00  asbestos . .phenolic  liner,'  The 

""“I  ilt'lll  "I  drill  *IIi,i|hH  .  Ill  1“  — •  *  “•  —  "*  ■*  —  --  .  "  “■ 


'"j'K.r.f «}  #  I  li  »  I  Ml  t  t  K  >1  -iT 


any  voids  and 


llninr  in  the  motor  under  a  slight  compression,  reducing  the 

require . I  physical  properties  to  withstand  radial  deformation 

under  motor  presnurizatlon , 

Tlw  Archer  rocket  nossle  is  of  a  lightweight  design 

featuring  the  moat  advanced  mat . trials  know-how  available,  The 

insert  1«  made  of  high  d® natty  graphite,  "ZTA. M  manufactured  by 
the  national  Carbon  Company,  The  Insert  and  *ATJ"  graphite  exit 
cone  are  insulated  from  the  steel  aoaals  shell  by  ■irconla- 
phoaphats  materials,  while  the  notsle  entrance  aaetioa  is 
Insulated  with  Guardian  1  Compound  developed  by  the  ABC, 
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A  tin  drawing  and  photograph  appear  in  Figures  9  and  9-A, 
respectively.  The  fins  were  built-up,  rather  than  being  .ado  of 
solid  Material  in  order  to  keep  the  weight  down.  In  CJPOflSWI 
section,  the  fins  are  straight  panel*  with  wedge-shaped  leading 
and  trailing  edges.  The  planform  includes  a  60°  swept  leading 
edge  with  a  perpendicular  trailing  edge.  Subsequent  production 
fins,  depending  on  the  difficulty  of  manufacture,  might  Include 

tiiTlli  * sw6pt  trt4un*  «**«*  Th« 

fins  are  made  of  0.075  inch  thick  magnesium  skin  with  an 
ablative  coating  of  epoxypolyaulf ide  and  include  a  0.015  inch 
thick  stainless  steel  cuff  to  protect  the  leading  edge  from 

“*•*?!:  !!“  Wad®  ®P*B  *»  6*™  inches,  root-chord 
1  BB<4  th*  ,lD  taP#TB  0.500  inch  at  the  base  to 

0.150  inch  at  the  tip.  The  total  weight  of  four  fins  is 
approximately  10  pound*. 

AERODYNAMIC  DESIGN 

The  four -caliber -long  secant -ogive  nose  cone  wae  used 
because  it  fulfilled  the  Instrumentation  volume  requirement  as 
well  as  the  .requirement  for  a  low  drag  contour.  Fltoerglas  was 
decided  upon  as  a  suitable  material  to  meet  the  following  needs: 

U)  to  allow  instrumentation  signals  to  pass  through  the  skin. 

W  to  be  structurally  strong,  (3)  to  be  light  and  <4)  to  with¬ 
stand  reasonable  aerodynamic  heating.  Subsequent  detailed 
aerot hemodynamic  studies  indicated  higher  heating  rates  than 
had  besn  originally  anticipated,  resulting  in  a  marginal  condition,, 
This  wae  remedied  by  the  application  of  a  surface  layer  of  epoxy- 
polysulfide  which  ablates  at  high  temperatures  and  keeps  the 
temperature  of  the  flberglas  low  enough  to  maintain  its 
structural,  integrity.  Another  modification  to  th®  original 
design  wan  the  replacement  of  a  solid  aluminum  nose-cone  tip 
with  a  solid  flberglas  hemispherical  nose  tip.  This  change  was 
also  made  due  to  aerodynamic  heating  considerations.  Tbs  final 
nose -cone  design  is  shown  in  Figures  6  and  5 -A,  Beta lied 
discussions  relating  to  nose -cone  aerodynamic  heating,  loads 
and  structural  design  and  manufacture  are  treated  in  later 
sections. 

The  next  item  to  be  determined  was  the  fin  desip,.  If  was 
concluded  that  a  cruciform  arrangement  with  a  minimum  static 
margin  of  two  calibers  would  provide  adequate  at* tic  stability 
for  the  Archer  sounding  rocket.  This  design  criterion  was 
applied  *t  burnout  conditions  which  are  considered  th#  most 
critical.  Burnout  conditions  were  obtained  from  preliminary 
vertical  trajectory  calculation#  using  the  Iris  drag  curve  and 
estimated  weight  of  the  total  vehicle  con figuration  which 
resulted  in  the  following  conditions  at  the  design  point: 

¥  -  5950  ft/sec 
h  -  85,000  ft 
M  -  ?/ft  -  6.13 
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The  center  of  gravity,  Xcgl  of  the  vehicle  was  calculated 

th®  center  of  gravity  and  probable 

weight  of  the  component®,  approximately  8.5  caliber®  from  the 

O'lUS# * 

The  center  of  preeture  i»  expressed  by: 


(Clo  M X cp)b  +  ^ L  Jf  ( X cp)j 

(CLa)b  +  (CLa  }r 


The  body  lift -curve  slope, . j  ,  was  obtained  by  the 

extrapolation  of  wind-tunnel  data  from  eimllar  aerodynamic 
shape®.  This  yielded  a  value  of/ . C'L  ^  -  2.56/rad, 

“fly1* 

b 

Similarly,  the  body  cent® .  . .  pressure,  (X  )  van 

cp  ^ 

obtained  from  the  same  data  and  . . alculated  to  be  approximately 

15.5  caliber®  fro*  the  base,  ' 

The  fin  center  of  pressure  win,®  determined  to  be  about  one 
caliber  from  the  base. 

Combining  equations  (1)  and  (2),  the  stability  criterion 
becomes: 
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mcI  whoa  the  above  values  are  used, 


(cLa)f  =  4.20/  rod 


(3*) 


It  f*i  tJiuiffl  decided  to  use  two-dimensional  theory  to  establish, 
ttit  lllt-curyt  slop®  of  the  fins,  Thli  method  In  based  on  the 
assumption  that  tha  unfavorable  affaota  of  tip  losses  will  be 
balaaead  toy  the  ftworabln  affocta  of  body  upvaah*  fM«  sane 
ualyalo,  used  for  the  IrA®  Sounding  Kocket  (reference  (3)). 
w*«  quite  accurate  in  predicting  the  wind-tunnel  results  for 

!*■;!■  m  . . la  reference  (4),  According  to  tha  above,  we 

write  (*»*,,  5):  ' 


4  cos  A 


A 


jWtllllHIIII 

b  Vy 


1  cos1  A -I 


(4) 


where  Af  la  the  projected  area  of  two  fin®. 

After  consideration  of  the  Mach  line  at  the  design  Mach 
number,  it  was  decided  to  sweep  tha  leading  edge  of  the  fins  a 
total  erf  60  degrees,  A,  from  the  wsrti . .  Now  equation®’  (3a)’ 

*M  4)i  . . »r  with  the  design  Mach  number,  require  that  the 

plan  form  area  of  each,  fin  be; 


f 


•  >  0.81  ft1 


<5) 


This  . . mi  the  area,  used  to  design  a  ons-callbsr-spaa  fin  panel 

will i oh  yielded  a  total  fin  span  of  three  calibers,  Subsequently, 

it  . . .  . .  toy  the  AEG  that  the  . . pan  toe  increased,  somewhat 

*■  »n  * <fd#d  protection  against  blanketing  effects.  Since  there 

was . .  . . than leal  restriction  against  Increasing  the  span,  0,25 

colli added  to  each  panel.  This  made  the  final  area  close 

to  a  square  foot  per  panel  and  the  total  fir 3,5  calibers. 

The  fir . . . .  considerations  resulted  in  the  fin  design  shown  in 

Figures  9  at . I  9 . A,  Finally,  a  coatl . .  of  epoxypolysuifids  was. 

applied  to  the  fin  panels  a®  an . .  . . .  against  aero¬ 

dynamic  heating.  Detailed  discussions  relating  to  fin  aerodynamic 

. . ting,  loads  and  structural  design  and  manufacture  are  treated 

in  Inter  sections. 


STATIC  STABILITY 


A  1/ 1.0 tin  scale  model,  Figure  10, 

it . . . .  was  designed  and  built  at  the 

testing  to  determine  the  static  stabl 


of 


NC 


the  Archer  Sounding 

ML  for  wind . tunnel 

stabl  1  it  y  character  1st  lets  of 
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th#  vehicle.  It  will  be  noted  that  the  very  tip  of  the  model 
nose  Its  a  cone,  as  was  proscribed  in  the  original  design  The 

JoMteIThoIlltohI!!iciiCtir  aj!njlllg  rockgt  aom  cone 

!  hemispherical  tip  which  was  included  for  aerodynamic 

heating  reasons.  It  is  believed  that  this  detail,  when  scaled 

charaetSi!*?0*  yUrl1  approcitbly  d***«*«»t  static  «tability  * 
freIa*IWfl8!icS\  ThiB  "port  includes  the  result®  obtained 

in  8uP«**i«  Tunnel  No.  1 

at  lath  numbers  of  0.49,  0.93,  1.03.  1.52.  2.2fl  a  «m  a  u 
and  4,85 


1*03,  1.62,  2.28,  3,25,  4.14 


_  A  two-eotaponent  internal,  strain . gage  balance  eve  tea  (refer¬ 

ence  («))  designed  and  built  at  the  N01,  was  used  in  obtaining 

{Jl  !!i?d,I?!};/0"w  and  mmmt&  acting  on  this  configuration 

Hsfed  In  Table  3.  Data  were  tike"  at 

JSJber  S.  ki!€  +20  d9«mm  lw  Mob  bach 

tZ°t*oS  *  "®cond  exposure  time  and  a  tungsten  1: 

Jfrln«  the  tests  to  . . .  Information, 

.SI??11*'  !he  vehicle-  F1P>«  11  contains, 
JIS2  It  mm  M? }Ja^"  photogr!phs  ,of  the  "Odel  configuration 
1.52  1  1  10  d6groaa  *n«le  01  attack  for  Mach  number 


using  a 
ight  source 
on  the  flow 
1  contains 


Strain -gage  data  were  reduced  to  lift  force  and  n Itch in 

vmntin  CP*!ficifats  Mccordl°0  to  standard  aerodynamic  con - 

thF^S!  i!f*wIUbB6!U,ntly'  the  slopog  of  these  data  (figures  12 

IX  EK/i*  iSroug?  a?ro  de«reos  a°0l«  of  attack  were  determine* 
and  used  in  the  calculations  which  appear  in  this  report; 


All  the  aerodynamic  coefficients  were 
sectional  area  and  the  burnout  center  of  at 


Figure  15  is  a  plot  of  the  estimated 


edtict 


moment  reference  center  for  the  data 

jfijf1;;  ******  *J  J«i«nated  as  a .  overturning  aoiiint  when  th . 

model  1®  at  a  positive  angle  of  attach 


based  on 
avlty  was 
I:  ion,  A 


ixly  cross . 

used  as  th« 
:»«>■  it  ive 


coelf  iciest,  based  on  wind-tunnel  measi 
configurations,  as  a  function  of  Midi 


Pitch . damping . moment 

of  similar 


ir aments 
niw  her . 


sta 

It 

mar 

cal 

to 

<» 

M  «  ' 


Figures  l©  and  17  show  the  . . .  lift- 


st 

is 

at 


tic- stability  margin  as  a  function  . . .  . . a, 

Is  interesting  to  note  that  the  minimum  stat 
gin  occurs  at  burnout  nod  Is  equal  t 

libera.  This  exceeds  the . .  crlt 

th®  subsequent  lengthening  of 'th .  tot 

calibers.  Further,  it  is  gratifying 


curve  slope  and 


Mlity  margin  of  approximately  *.**„„-B  *, 
expected  to  pass  through  pitch -roll  resonance 
approximately  26  seconds  of  flight  . . .  This 


»sp actively, 

ic . stability 

o  approximately  3,75 

. .  and  is  due,  in 

*1  fin  span  from  3  1; 
to  note  a,  static 

itcl 
cur 


5  calibers  when  the  vel 

which  oc 
is,  pei 


part , 
o 

e 

8 
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the  Mat  critical  portion  ol  the  flight  at  which  tint  a  (rood 
margin  of  atatlo  stability  tend*  to  ksop  the  rocket  from 
assuming  high  angles  of  attack  and  it a  attandaat  aid#  forc«»  at 
tht  asymmetrical  roll  positions.  Increased  side  fore©  1®  of 
Importance  when  the  pitch  frequency  of  the  vehicle  1®  equal  to 
It#  roll  frequency  because  a  condition  termed  "lunar  motion*'  may 
arise.  During  this  flight  condition,  the  same  side  of  the  y 

vehicle  always  faces  inward  for  any  angle  of  attack  and  large 
yaw  angles  may  result  {reference  <7».  The  method  by  which  the 
difficulties  associated  with  pitch-roll  resonance  are  to  be 

. “'ided  In  the  present  design  is  discussed  in  the  following 

'tide  which  deals  with  dynamic  stability, 


aye 

sec 


The  drag:  coefficient  curve  which  appear®  in  Figure  1.8  is  the 

ona  . . wise . .  for  the  Iris  sounding  rocket  during  its  design 

and  development  pi . gram,  Due  to  the  difficulty  of  establishing 

a  drag  curve  for  a  burning  rocket,  It  was  felt  that  advantage 
should  be  taken  of  the  Misting  drag  data  for  the  Iris  which 
i«  aerodynamical ly  similar  to  the  Archer,  It  has  been  assumed 
that  the  drag  coefficients  for  Iris  and  Archer  a. re  the  same. 
Further ,  It  was  reasoned  that  any  differences  in  drag 
coefficients  which  might  exist  between  the  two  configurations 

'1  Jl  dl  .HH  lirti  "I  It!  1  .11  ..ill.  « .  dll  .1,1.  «  •  ‘  1 


™r  •  . . .  w  ™  w  "wi  iwm.ii  .Mi  m.  jty,  w*.  *  *»  ^.vrwi  r 

In  ill.  probability,  be  of  the  same  order  as  the  error 


would l  ,  .  ... <rr  .  __  . . . 

Introduced  In  establishing  a  completely  new  drag  curve,  Connie- 
quently,  with  an  available  drag  curve  a  savings  in  time  was 
real lied  by  the  immediate  ability  to  make  calculations  necessary 
for  the  preliminary  design. 


DYNAMIC  STABILITY 

Ilya  am  .1©  stab  11,1  ty  ca  Iculat  Ions  were  concerned  p  r  ima  rt  "I  y 
witto  t*»  avoidance  of  pitch-roll  coupling.  Specifically,  "this 

. . .  the  determination  of  the  natural  pitch  frequency  of  the 

. .  and  subsequently  the  calculation  of  roll  programs1 which 

would  cross  over  the  descending  side  of  the  pitching' frequency' 

curvet  prior  to  . glee  burnout  (Figure  19),  This  type  of  roll 

'build-up  affords  a  single  point  cross-over  as  opposed  to  the 
possibility  of  the  roll  rat#  following  the  pitching  rate  upward 
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i, cl 

consequence,  a  fin 
to  be  optimum,  was 

tl 

*  flight  time  of  about  26* second . 


mi 

.DC 


Cl«t 


sc . .  portion  of  the  curve 

e  problems.  Three  roll  progra 
on  th#  descending  side  of  the 
. . .  and  examined  in  the  1 


. — . .  »  tmn  imi.pi  mini  nr  nn  ifll.  n, 

•  1 1 tea  t Ion  f a c  tors ,  a 1 1  g*m« p rob] 


incidence  angle 


El  o 


with  its  consequent 
** i  all  such  that  they 
P 1 1  c  h  in  g  f  r  #  qu  en  c  y  e  u  rv  e , 


of  < 


f  19  mlnul 


ther 
1,  e»i  a , 
am . 


selected:..  As  shown  on  Figure 


point  at  approximately  3 


o  eye 


1,41 


consider at ions 
etc,  An  a 
which  appeared 
W,  this  fixed 
per  second  at 


f  in-< 
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TImi  pitching  frequency  of  the  Archer  configuration  was 
calculated  according  to  the  following'  equation: 


u„ r  JL  /£!  Abd  cM 

0  2fr  V  ?! 


■naoi2nd  orj  <"“?  »h<"™  i”  Table  8  and  plotted 

in  Figure#  id  and  21,  In  general,  the  natural  freouennw 

«xpr©«»ion  contains  damping  terms,  rolling  velocity  and  lonri 

itoie#LnJ«!«r*tl00i  how!Ier'  for  *  approximation  the 
above  expression  was  considered  adequate, 

n«  ^ia-caut  angle  required  to  produce  the  design  roll  rate 
;  maMt  "■  ^‘•rUd.d  using  tk. X-1C. 

L  . ' ,S"el’ctlDe  ro11  tem.  and 

to  dl »!}'!!  r*bI  UJtti,1g  a  w  percent  loss  in  roll  rate  due 
equation?  flcco"Pliahed  by  taking  the  following 

I(Aw)-4/y,  AS  Qtg qc  y,  d y,  +  4/*f  Cia  q c  y,  dy  =  0  (7) 


and  assuming  (C.  )  to  be  con stint 


over  the  entire  fin  and 


making  the  simplifying  assumption  that  ^x(’Aw) 

*  O 

Equation  (7)  then  reduces  to; 


f~  y/c  dy  =/sfyc  dy, 


if-J  y,z  dA  =  8,/y(  dA 


11 
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Th,eii  by  definition  the  following  equation  result® : 


Add 

V 


If  =  8 


1 7 


Af 


(10) 


«<«Ki  solving  equation  (10)  for  fln-cunt  angle  yields: 

Aw  If 


a 


f 


.  j-  A.  * 


(11) 


AERODYNAMIC  LOADS 


In  order  to  dote mine  the  maximum  loads  encountered  bv  the 

rocket  nose  cone  and  fin  assembly,  It  was  mcmm™  tl ! 
the  anile  of  m  .J  JJ,*?  necessary  to  predict 

™iiuvr? tbe  22> 

The  total  angle  of  attack  at  x«ro  roll  rate  mult In! ill  I  !*}••• 

•ago  if  leaf  Ion  factor  *■%»  ***.,.  r,  *  *MltIpIled  by  this 

*  mtror  gives  the  total  angle  of  attack:  with  roll. 

roll  Inland  ,u  T  •J"**10"*  ot  *•**•»  *■««««  Hut,  « 

.?u«!‘(r.  o’  v.7  t.»i  „gl.  of 

»qu»tio«r  P  “‘M  *°  follo.ing 


FSL  XCfl  SF  -  J  P  V*  Ab  d  C  (q- 80 )  =  0 

'ail- 


(12) 


■  j*  **■ Mt  »*»  tm.  suPU- 

was  permissible  for  estimation  nurmnai 
since  the  omliilon  of  damping  terms  gave  conservative  anew 
from  a  structural  design  standpoint  X 

M*1*  ot  ",  coipufi  tr£ t#ul 

•»  J5.*5!iJiys,tSr*S1«sL‘r  *■"«  <«*•"—  «» 

iol, lowing  assumptions:  "  '  ‘  by  making;  the 

lnortis  f 1,1  "°"M"  01  imirtU  «  tr.da,.™,,  «M.nt  0( 
cowUhtT*"8  C0D8t“',t  dUe  t0  «  «  oOD-rollia 


W11*'  «l«ltyd&d  «  flight  MiocUy  V 
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Th«  ratio  of  roll  to  pitch  frequency,  —  ,  in  tbo  region  of 


interest,  Is  approximately  equal  to  one.  Wing  the  same 
assumptions  a#  discussed  above,  the  expression  for 


(reference  (»))  reduces  to: 


X  n 


.  fo 

v  c 


W'o 


Cm..  /  Ci 


"Mq  /  '""N  a 


■  (k/d)1 


,  4m»Ahd 

In  the  solution  of  equation  (15),,  It  was  assumed  that 


('I.  +cr 
« 


(1,5 


Figure  24  •hows  the  magnification  fa . tor  for  the  three  roll 

programs  considered.  Figure  25  shoe*  the  resulting  total  angle 
of  attack  (Aw  i*  0} ,  fa,  for  the  three  roll  rates.  The  equations 
used  to  determine  the  nose  cone  and  fin  load*  were, 
respectively: 
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pf  =  jr  q  Ab  (CL<J)  fa  (for  one  fin)  (17) 

Th*  lilt-force  slopes  used  for  the  nose-cone  loud  calcu¬ 
lations  were  those  for  the  body  alone  configuration.  This 
afforded  a  conservative  estimate  for  design  purposes,  Figures 
26  and  27  Indicate  the  loads  obtained  for  the  thro©  roll  rates 
investigated.  As  indicated  on  the  plots,  the  maximum  loads  ob- 
f al««d  for  the  crossover  point  selected  (26  seconds  of  elapsed 
flight  time)  were  325  end  620  pounds  for  the  tost  cone  and  fins, 
respectively, 

AERODYNAMIC  HEATING 


Aerodynamic  hatting  calculations  were  performed  at  the  MOL 

iwing  a  program.  Involving  numeric . il  approximations  as  described 

in  reference  (9),  The  solutions  took  the  font  of  a  time 
history  of  temperature  distribution.  Local  Mach  numbers  and 

pressures  » . re  used  and  the  Reynolds  number  of  transition  was 

»*t  at  . . t  million.  The  Archer  trajectory,  Table  8,  and 

ambient  atmosphere  were  specified, 


Results  of  the  nose-cone  heating 
Ur©  28,  The  temperature  histories 
inch  thick  flberglas  wall  at  an  axial 
the  nose.  At  this  station  the  nose-c 
through  the  wall,  into  three  elements 
Inches  and  the  temperature  calculated 


calculations 
plotted  are 
station  2,5 


lement  as  a  function  of  time,  Th. 
rea,  being  in  th©  approximate  reg 


ith  the  rock . ft . motor  casing.  Table  4  specifies  the  nose-cone 


material  and  its  thermal  character 


is 

ion 


one 

of 

at 

was 

of 


are  shown  in 
for  a  0,150 
feet  from 
wall  was  divided, 
0,030,  0,090  and  0,030 
the  center  of  each 
considered  a  critical 
th e  a  o a e - con  e  J un e tur e 


Istlcs, 


In 

in die a 
calculi 
oa  tic 
latlt 


addition  to  the  above  . . a  calculations  which 

ited  surface  temperatures  approaching  1500* R,  a  band 


afclon  (reference  (10))  indicated  that 


point  ten 


ure  might  reach  2500*  R 


ons,  which  indicated  higher  heating 

orlginall 
marginal 
reasoned 

. .  would  certainly  occur,  but  just  how  much  cooling  wow 

. . .  . . allied  from  this  ablation  and  how  much  flberglas  materia 

would  be  left  intact  were  questionable.  It  was  conclude 


_  rates  than  bad  been 
y  anticipated,  showed  that  the  nose-cone  design  was 
from  the  standpoint  of  aerodynamic  heating,  It  was 
that  the  temperatures  were  conservatively  high  because 

Id 
1 


the  maximum  stag. 
These  calcu- 


therefore,  that  additional,  studies  would 
determine  the  effect  of  this  ablation  ai 
ablative  coatings  to  the  flberglas  would 
Missiles  and  Space  'Vehicle  Department  of  the  General  file 


be  needed  In  or< 
nd  whether  special 
e si ary 


be  ne< 


4 » 
ier 


to 


. . ipany,  Philadelphia,  Pa,,  was  asked  to  investigate  the 
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severity  ol  the  ablation  and  temperature  problem  using  the  0,150  Inch 
thick  fibergla®  material  specif led  in  Table  4,  The  specifications 
were  that  at  least  0.050  inch  thick  tall  of  the  initial  fiber- 
flat  nose  cone  should  be  maintained  at  a  temperature  (760®E) 
sufficiently  low  so  as  to  provide  structural  integrity.  The 
time  schedule  required  that  01  investigate  concurrently  the 
possibility  of  applying  a  special  ablative  coating  to  the  nose 
cone  in  the  event  the  0.130  inch  thick  flberglas  material 
proved  unsatisfactory. 

The  OK  ablation  and  temperature  calculations  were  accomplished 
using  a  one-dimensional  conduction  solution  with  surface  melting. 

The  first  group  of  calculation a  was  performed  using  the  flber- 
glas  thermal  properties  a®  specified  by  NOT  with  a  parametric 
variation  of  melting  temperature  (1000  to  1400°  R) ,  The  results 
of  these  calculations  all  indicated  that  the  original  0.150 
inch  thick  flberglas  nose  cone  would  be  adequate.  The  data  of 
figure  29  are  typical  of  these  results  and  show  the  thermal 
response  of  the  nose  cone  using  a  melting  temperature  of  1200°  II. 

While  the  above  results  appeared  to  be  satisfactory,,  GR  made  an 
additional  computation  using  what  they  estimated  to  be  the 
correct  thermal  conductivity  for  a  highly  glass-filled  plastic. 

These  results,  again  for  a  melting  temperature  of  1200°  R,  are 
shown  In  Figure  30.  In  this  case,  it  is  noted  that  some  high 
temperature  difficulties  will  occur,  and  that  the  temperature 
limit  of  760® R  at  the  0,10  inch  depth  will  be  exceeded. 

Concurrent  with  the  above,  GB  computed  the  thermal  response 
of  the  flberglas  nose  cone  when  coated  with  various  thicknesses 

of  epoxypolysulfide  using  the  NOL  fib . .  conductivity  value. 

The  k,  p  and  C  for  epoxypolysulf Ida  are  approximately  equal  to 

3x10"*'  Btu/ft -sec'1'  R,  79  lb/ft*  and  0,45  Btu/lb*  R,  respectively. 

All  of  these  configurations  provided  adequate  protection.  A 

final  computation  was  then  made  with  a  near  optimum  conflgu . 

ration  of  0,10  inch  epoxypolysulfide  over  0,10  inch  of  fiber . 

glas  using  the  Gli!  estimated  conductivity  for  the  flberglas, 

This  result  is  shown  in  Figure  31,  The  final  soak  temperature 
:1s  estimated  to  be  lees  than  700®  R, 

As  a  result  of  these  studies,  It  was  decided  to  approach 
the  problem  conservatively  and  to  modify  the  nose  cooes  to 
include  a  0.10  inch,  thickness  of  flberglas  coated  with  a  0,10 
Inch  thickness  of  epoxypolysulfide.  The  ablative  coating  was 
developed  and  applied  by  GR.  Further,  to  retard  heat  conduction 

to  the  main  body  of  the  nose  cone,  . . Changed  the  nose-cone 

tip  from  a  solid  aluminum  cone  to  a  solid  plastic  hemisphere. 

The  heat -transfer  program  of  . . entice  ( 9  )  was  also  applied 

to  the  Archer  fins,  using  the  thermal  characteristics  specified, 
in  Table  5,  and  the  results  are  shown  in  Figure  32. 
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Included  in  thin  figure  1®  ft  plot  of  the  teoaile  yield  etrength 
of  the  magnesium  fin  material,  Again,  the  strength  appear® 
somewhat  marginal  due  to  aerodynamic  heating.  Fortunately,  the 
maximum  aerodynamic  load:*  are  experienced!  early  in  the  flight 
regime  when  the  tensile  strength  in  high,  Never the lent,  it  was 
decided  to  apply  »  coating  of  epoxypolysulf Ida  to  the  existing 
fin®  awl  assembly  as  an  added  safety  precaution.  This  coating 
i®  particularly  Important  In  the  region  of  fin  attachment  where 
the  mounting  bracket  and  holts  are  exposed  to  the  aerodynamic 
heating.  The  leading  edge  of  the  fin  Is  protected  by  a  0,016 
inch  thick  stainless  steel  cuff. 

STRUCTURAL  DESIGN  AND  MANUFACTURE  OF  COMPONENTS 

The  Archer  nose  cone  cons  lets  of  a  solid  tip,  with  a  0,723 
Inch  radium,  threaded  to  an  ogive  fairing  which  encloses  the 
In  a  t  r  urn  e  n  t  a  1 1  on  p  a  c  kft  ge , 


The  nose  tip  is  a  plastic  mater  la  1,  Fllberite  MX-0600, 
produced  by  Fiberlte  Molding  Product®  Incorporated,  Vlnona, 
Minnesota,  which  ha®  an  ablation  temperature  of  approximately 
3600°  F, 

The  ogive  fairing  is  an  epoxy-base,  glass-phenolic  material 
which  was  manufactured  by  helically  winding  continuous-length 
glasw  fiber®,  coated  with  liquid  epoxy  over  an  aluminum  mandrel. 
The  completed  winding  was  cured,  then  machined  to  a  uniform 
0,100  Inch  thickness.  The  fairing  was  then  covered  with  an 
ablative  coating  which  was  discussed  previously, 

A  nose- cone  load  of  333  pound®  was  obtained  from  the  data 
of  Figure  26,  This  load  was  assumed  to  act  at  27,25  inches  from 
the  juncture  between  the  nose  and  motor  tube.  Such  an 
a  asmipt ion  resu I ted  in  con serva tive  ■ tructura 1  est la a tea , 
Stresses  in  the  flberglas  (see  Table  6)  were  computed,  assuming 
no  load  would  be  carried  by  the  ablative  coating,  according  to 
the  following:  equation : 


pUdo  /  id) 
IT . ‘ . . 

HIIIINIIIHII 

64 


Th 
plate 
whlc 
F 


W . <) 


22  36  lit)/! in* 


US) 


note  cone  Is  held  against  «  shoulder  on  the  motor  head 
by  a  structure,  passing  through  the  Instrument  section, 
li  attaches  between  a  point  on  th®  nose  near  the  front  (*ee 
re  6)  and  the  head  plate. 


it 


With 

was 


the  nose  attached  to  the  motor  through  compression  only, 
necessary  to  apply  pre-load  which  produced  stresses 
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equal  to  or  greater  than  the  stress  duo  to  the  aerodynamic  loads 
In  order  to  prevent  separation.  Consequently,  the  stresses  in 
the  fibtrglaai  amounted  to  2236  x  2  ■  4472  I'b/in8 »  The  pre-load 
necessary  was; 


P°2236  -j*  (dj  -  d*)  s  4821  lb  tl9> 

*T 

The  pre-load  of  equation  (19)  produced  compressive  stress  through 
out  the  nose  cone  with  the  maximum  being  near  the  front  end 
where  the  area  is  minimum* 


P 

s* - -  =  9442  lb/ in” 

tr  %  'i? 

JL  fd'*  _  \ 

4  ^  i 


The  point  considered  most  critical  in  the  nose  support 
structure  was  the  explosive  bolt  which  will  be  fired  to  release 

the  nose  cone,  This  bolt  was  loaded  in  . . is  Ion  and  must:  carry 

both,  the  pre-load  and  aerodynamic  loads,  Thus  the  load  calcu¬ 
lated  was: 


M 


a/2 


+  PRE-LOAD1  7247 


(21) 


The  explosive  bolt  used,  Holex,  Inc,  part  . .  2508 . 14,  will 

support  a  tensile  load,  of  14,000  . . . . da. 

The  Archer  fin  (Figure  9}  was  fabricated  from  i  magnesium 

alloy  (Dow  Chemical  Co*  HI  31A . H24)  which  maintains  good 

strength  properties  at  elevated  temperatures  (see  Table  7) , 

The  structure  consists  of  a  solid  base  bar  . . id  solid  leading 

and  trailing  edge  struts,,  A  thin  skin  (0.075  inch  thick)  was 
welded  to  the  front  and  trailing  edge  struts,  then  riveted  to 
the  base  bar.  Two  stiffeners  were  sandwiched  between  and 
riveted  to  the  outer  skins  to  distribute  the  load  between  the 
sides.  The  leading  edge  strut  was  covered  by  a  thin  (0,015 
inch  thick)  stainless  steel,  sheet  for  heat  protection,  This 
cover  was  riveted  to  the  leading  edge  strut. 


Flutter  safety  estimates  were  made  using  an  . . plrlcal  method 

described  in  reference  (11).  This  method  was  determined  from 
samplings  of  a  large  aim . .  of  experlmt . ntal  data.  It  divld . . 
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the  configurations  into  safe  and  unsafe  group®  based  on  the 
following  pa raaetere;  torsional  stiffness,  taper  ratio,  aspect 
ratio,  thickness  ratio  and  pressure.  The  above  parameters  for 
the  Archer  fin  configuration  (Figure  0)  were: 


a.  Taper  ratio 


,  ~  -  0,330 

JLh 

r 


ratio, 


Af/2 


0,581 


c,  Shear  modulus  -  2.42  *  10*  lb/in1  for  magnesium 
From  these  values  and  the  graph  of  reference  (11) 

/  k 

p  --L.fi 


ft 


X.  =  0.7 


o 


2! 


Letting  H 


■  l  which  was  the  most  severe  condition  possible, 


(22) 


P 

*  "  Again  from  graphs  of  reference  (11),  this  value  of 

*  req“lr!d  111  ttickneas  ratio  of  0.015,  A  1.50  safety  factor 
was  added,  and  the  required  root  thickness  became;  1.50  x  o'.'oi5 
i  22,6*5  "0.498  inch,  for  convenience  this  value  was  rounded 
off  to  0,500  inch  fin  root  thickness. 

Strength  calculations  were  based  on  a  fin  load  of  020  pounds 
*hich  wae  “Muw®d  t0  be  «P»lIy  distribute . .  over  the 

>li  Ji  II  Jltlt  till  J|,  uli,  ||:H  <„!  (;;!  0 


Tims  the  pressure,  p 
square  inch. 


Pf 


Aji/2 


amounted  to  4,68  pounds  per 


The  symbols  used  in  the  following  analytical  expression  for 
tl>.  bonding  .o».t  nrn  Included  1.  Flgur.  9  ,0r 


i  p(L,+Lr)ydy=T5rAl: 


ItH®  u# 

. . ton  A+ 

(Ihiii  wji)'  hh 


2Z59in.|,b  (23) 


If  . . B, conservatively  assumed  that  the  two  aid . plates  carried 

. . .  eDtire  lin  bending  load  and  that  this  load  reacted  as 
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wor/ts  f ollowsP ( 8*1  ^ig^rp *  9**“  Th®  »t.resee»  developed 


M 


s  «^jp^«243!  Ib/in* 


(24) 


iLiuti  if#  PWl0US  «  consider 


the  fin  a»  a 


$e 


Me 


M 


w 


'*5654  Ib/in1 


(25) 


froB^ho^axpreialon*  *"  t,,,!  “*  *0U°tl"«  lu**  ’™r“ 


«(•!) 


6© 


15,000  Ib/in 


At  the  time  in  flight  that  this  muimon  I . nding  load  occur* 

loads  due  to  drag  and  acceleration  are  low  oS \my  ' 

neglected.  y  ut" 


The  tension  load  on  the  1/4- inch  28 . MF  f 

was  based  on  the  tension  load  resulting  from 
aerodynamic  loads  plus  the  load  due  to  a  10 
used  in  setting  the  fine  and  is: 


in  Mounting  screws 
the  predicted 
inch-pound  torque 


M . 

6© 


tension  -  ~~  +  pre-load  -  821  pounds 


The  alienable  teualle  load  i,  551)0  pound,  for  Allen  c.p  acre.., 

Ill  baod  itnu  Ml  calculatod  based  on  the  bnnd  rarrvina 
tension  only,  thus:  cany  mg 


S  s  -a 


Si 


sm  0.662  s|l’85g  lb/’"' 
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where  the  0.75  inch  and  0.062  Inch  were  band  width  and  thickness, 
respectively,  The  fin  band*  are  c lamped  to  the  motor  casing  with 
Ho.  6-40NF  ( two  per  baud)  Allen  cap  screws  torqued  to  5  inch- 
pounds .  The  tension  lore*  la  these  screw*  was; 


M 


6  6(2) 


+  pre-load  «B09  pounds 


(20) 


The  allowable  yield  load  for  these  screws  1*  1500  pounds  per 

screw. 


TRAJECTORY  AND  D13PBRSNM  ANALYSIS  DATA 

All  of  the  trajectories  for  Archer  were  calculated  under 
the  assumptions  of  a  rigid  body  model  through  suatalner  burnout 
and  a  particle  model  thereafter  until  Impact,  Rigid  body 
trajectory  calculations  were  based  on  the  aerodynamic 
coefficient;#  determined  from-  wind-tunnel  tests  mentioned 
prewiouely  In  this  report.  Due  to  the  small  roll  rate,  aero¬ 
dynamic  coefficients  associated  with  rolling  motion  were 
neglected  and  the  pitch-damping . moment  coefficient  was  esti¬ 

mated  (Figure  15).  The  nominal  trajectory  variables  are  listed 
m  function#  of  time  In  Table  8.  This  table  includes  velocity, 
altitude,  ground  range,  flight-path  angle,  acceleration  and 
gross  weight  at  10-second  time  intervals  and  at  burnout.  The 
altitude  and  velocity  as  well  as  Kach  number  are  plotted  as 
function®  of  time  in  Figures  20  and  21,  respectively,  In 
addition,  the  dynamic  pressure  a*  a  function  of  time  Is  presented 
in  Figure  33 , 

Table  0  lists  the  effect*  of  Q.B,  as  well  as  head,  tail  and 

. . .  winds  on  burnout  altitude,  burnout  range,  maximum  altitude, 

impact  range  and  impact  cross  range. 

Wind . weighting  factor*  as  it  function  of  altitude  layer  are 

presented  in  Table  10.  The  wind-weighting  factors  were 
determined  for  range  wind.*  and  were  assumed  to  be  valid  for 
cross  winds.  This  assumption  appears  to  be  reasonable  based  on 
other  published  results.  Table  10  also  contains  unit  wind 
effects  in  feet  of  deflection  per  ft/sec  of  ballistic  tail, 
head  and  cross  wind,  respectively,  as  well  as  the  Q.B,  and. 
aslmuth  corrections  lor  range  winds  and  cross:  winds  in  degrees 
per  ft/sec  of  ballistic  wind.  All  negative  signs  In  Table  10 
. .  deflections  opposite  to  the  wind  direction, 

Table  11  lists  five  major  causes  of  dispersion  and  the 
resulting  deflection  to  the  normal  impact  point  caused  by  a  2cr 
and  3o  variation  of  these  causes,  In  four  cases  these  quantities 
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word  estimated  and  are  so  marked  in  the  table,  Tb®  remainder  of 
the  data  was  determined  directly  from  the  trajectory  results. 

Id  every  case  the  deflection  data  are  conservative.  The  quantity 
described  as  "launch  error®  and  malalignments"  includes  the 
effects  of  tip-off,  thrust  malalignment,  fin  malalignment  and 
other  possible  sources  of  angular  error,  At  the  bottom  of  Table  11 
are  the  total  dispersion  data  which  are  simply  the  square  roots 
of  the  sum  of  the  squares  of  the  individual  deflections, 

CONCLUSIONS 


An  initial  design  of  the  Archer  nose  cone  and,  fins  was 
accomplished  on  the' basis  of  preliminary  vertical  trajectory 
calculations,  Subsequently,  refinements  to  the  original  design 
were  made  on  the  basis  of  final  trajectory  calculations  using 
Archer  wind-tunnel  data.  This  led  to  the  following  design 
conclusions: 


a,  Static  stability,  used  as  the  design  criterion,  was 
minimum  at  burnout  with  the  center  of  pressure  being:  3,78  call, 
hers  aft  of  the  center  of  gravity. 


b.  Dynamic  stability  calculations,,  concerned  primarily 
with  the  avoidance  of  pitch-roll,  coupling,  indicated  that  a 
fin-cant  angle  of  IS  minutes,  appeared  to  be  the  optimum  and 
would  cause  the  vehicle  to  pass  through  resonance  at  approxi¬ 
mately  3. IS  cycle®  per  second  and,  26  seconds  of  flight  time, 

c.  Aerodynamic  loads  based  on  the  aerodynamic 
coefficients  obtained,  from  the  NOL  wind-tunnel  tests  in  conjunc 
tion  with  predicted  total  angles  of  attack  (Anj*0)t  neglected 
the  aerodynamic  damping  terms  and  are  considered  conservative. 


d ,  Ae rodyn am ic  heat in g  ea lou lat ion s ,  ine lading  the 
effects  of  ablation,  were  performed  on  the  fibergles  nose  cone. 
These  indicated  a  marginal  condition  which  was  corrected  by 


modifying  the  nose  cone  to  include  an  oi 
polysulfide.  The  ablation  of  this  mstei 
structural  integrity  of  the  fiberglas  which, 
ten a nee  of  at  least  0,050  inches  wall  at  no 
ature  than  760° R. 


requ  lx 
highei 


its Ida  layer  of  epoxy- 
lai  will  protect  the 


'68  the  main* 
*  temper - 


was 


Heating  calculations  on  the  tin  si  indicated  rather 
era tuxes  and  a a.  a  safety  precaution,  ©poxypol ysul f ids 
also  applied  to  the  fins  and  mounting  assembly. 


e.  Structural  design  was  based  on 
encountered  at  resonance,  and  the  minimum 
factor  was  1,3  for  the  fin  mounting  lugs 
based  on  the  allowable  material  strength 


aerodynamic  loads 
structural  safety 
,  This  factor  was 
at  438? F.  With  the 
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SrSJiwJ#?  S°;jln8  ?D*th!  fin8'  tb®  ®ountiD«  lugs  should 
not  reach  436  F  it  the  point  of  Miileua  loads. 

,  J:*  F*n*1  tr*J®ctory  calculations,  based  on  wind-tunnel 

4ii!l  ?dlfat!j  th?  f«”lbllity  of  the  present  sjstsa  to  attain 
altitudes  in  the  vicinity  of  100  utiles  with  a  quadrant  elevation 
of  60  degrees* 
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ARCHER 

PHYSICAL  CHARACTERISTICS 

Nose  come 

length 

28,700  in 

■tjor  diameter 

7,300  in 

wall  thickness 

0,200  in 

weight 

4.37  lb 

Forward!  head 

weight 

6, OS  lb 

Motor  tube 

length 

100,50  in 

nominal  diameter 

7,00  in 

wall  thickness 

0,050  in 

weight 

38,30  lb 

Insulation  liner 

length 

97.5  in 

major  diameter 

6,80  in 

weight 

16.23  lb 

Propellant  grain 

length 

97.5  in 

propellant  weight 

200,0  lb 

inhibitor  weight 

7,91  lb 

total  weight 

207,91  lb 

Nozzle  assembly 

length 

7,25  in 

weight 

10.50  lb 

Fins 

weight  (per  set) 

10,00  lb 

7. 
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TABLE  1 

ARCHER  PHYSICAL  CHARACTERISTICS 

8,  Nazal©  cover 

weight  0,976  lb 

'8#  I  felt®  r 

weight  0, 50  lb 

Tot»l  unit  weight  excluding  293, 836  lb 

pi y load 


Ill 


■in 
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Tint w  o 
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ARCHIE  OPERATING  PARAIKTIBS 


1, 

Chamber  pr®»aur® 

1200  lb/ in® 

2, 

Thro»t  a  ret 

0.630  la* 

3* 

Throat  diaaoter 

0.600  ini 

4* 

Avoragn  thrust 

1375  lb 

5. 

Burt  tig  tin® 

36.0  sac 

6, 

Total  lapuls® 

48,000  lb-soo 

7. 

Expansion  ratio 

10/1 

8* 

Expansion  to 

14,7  lb/ in® 
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I I NO -TUNNEL  RUNS  AND  TEST  CONDITIONS 


Run 

I 

Configuration 

qdb/ln1) 

Re  *  10" 

I 

0,486 

body  alone 

2.10 

<»  cm 

2 

body  with  fin* 

3 

0,925 

body  with  fins 

4.86 

6.60 

4 

body  alone 

5 

1,026 

body  alone 

6.30 

6,17 

« 

body  with  fine 

7 

1.62 

body  with  fins 

6,05 

6.16 

8 

'body  alone 

0 

2,28 

body  alone 

4.40 

4,32 

10 

body  with  fin* 

11 

3.26 

body  with  fins 

2,05 

#1  'll 

'«#i  <|  1  37 

12 

body  alone 

13 

4.14 

body  alone 

1.02 

1.85 

14 

body  with  fins 

IS 

4.86 

body  with  fins 

0,45 

1.35 

16 

body  alone 

i1lll!!!l|lll'J 


ihim 
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THERMAL  CHARACTERISTICS  Of  NOSE  COKE 


Mater 1*1:  Fiberglan  (Union  Carbide  Corp.) 

1.  Renin— Epoxy  KRLA  2256 

2.  Glass  type  8 

3.  Contents  by  weight:  601  flan*— 36'*  renin— 2%  colloidal 

silica 

4.  Curing  nyetee  0820-28  FIR 
Theraal  Character let lea i 


1*  The real  conductivity  (k) 


Temperature 

C  R) 

300 

000 

700 

1000 

1200 


*k  x  IBP 
(BTtl/ft-nec  0  R) 


2,45 

2,72 

2,95 

3.07 

4,12 


2,  Thenaal  capacitance  (pc) 

P 

33.8  Btu/ft  0  R— constant  for  the  temperature  rang* 
375—1020  0  K 

3*  Dnaelty  (p)— 112,5  lb/ft 
4.  Kmlenlvlty  value  («)— .80 


*  The  OK  value  for  k  in  7  x  lO"*  and  in  considered  constant 
with  temperature. 
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TABLE  5 

THERMAL  CHARACTERISTICS  OF  FIN 

Material:  Magneoiua-HI  31A-H24  (Do*  Ratal  Product*  Co.) 

1,  Coapoaition: 

Thorlua  2,5—4.01 

Zlrcooiua  ,45—1.0% 

Manganew  .15%  maxlaun 

Tot»l  impurities  ,30%  naiiaua 

11«raa  1  cha  r»c  t*  .riat  ic* : 


mu 
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APPENDIX  A 
FLIGHT  RESULTS 

Prior  to  the  pub  Hot t Ion  of  the  preceding  report,  two  of 
the  three  Archer  tent  vehicle*  were  launched.  It  was,  therefore, 
considered  appropriate  to  add  the  result*  of  these  test*  as  well/ 
a*  the  recommendations  for  the  third  flight  to  the  present 
publication  in  the  fora  of  an  Appendix,  These  test  firing* 
occurred  on  16  August  and  3  October  1963  at  the  Pacific  Missile 
Range,  ft,  Mugu,  California,  The  first  vehicle  reached  am 
altitude  of  approximately  76  alles  while  the  second  vehicle 
reached  an  altitude  of  approximately  50  all##,  A  summary  of 
the  fret-flight  as  well  •*  predicted  performance'  of  the  Archer 
Rocket  1*  presented  in  figure*  A-l  and  A-3, 


Analyses  of  the  fre#-f light  data  obtained  on  the  two  Archer 
teat  flight*  indicate  approximately  the  same  pattern  of  anomalous 
flight  'behavior,  The  chief  difference  between  the  two  flight* 
was  that  the  first  vehicle  passed  through  resonance  while  the 
second  vehicle  locked  in  resonance,  Consequently,  the  possibility 
of  pitch-roll  resonance  is  considered  marginal  for  the  present 
design  and  subsequent  flights  would,  probably,  result  In  a 
random  type  performance,  l.e,,  a  number  of  vehicle's  would  pass 
through  resonance  while  the  rest  would  not.  It  has  been  the 
purpose  of  the  IfOL,  therefore,  to  examine  In  detail  the  possible 
sources  of  difficulty  contributing  to  this  phenomenon  and  to 
recommend  corrective  measures. 


Elimination  of  the  engine  performance,  while  not  directly 
discernible  from  the  telemetry  data  on  the  first  flight, 
indicates  that  both  flights  maintained  consistent  chamber 
pressure,  approximately  1300  psia,  over  the  expected  burning 
time.  Both,  however,  experienced  a  delayed  ignition  of  the 
sustain er  of  about  one  second  which  positions  the  vehicle  free 
of  the  launcher  prior  to  ignition  and  would  make  it  rather 
sensitive  to  cross  winds ,  Although  the  combined  amount  of 
thrust  and  aerodynamic  misalignment  In  difficult:  to  ascertain, 
it  is  recognized  “that  an  excessive  amount  would  certainly 
contribute  to  the  resonance  problem. 

The  first  vehicle  assumed  a  coning  angle  of  about  seven 
degrees  in  the  region  of  resonance,  from  which  it  recovered, 

The  time  and  frequency  of  resonance  pass  through,  was  approxi¬ 
mately  27  seconds  and  3  cycles  per  second,  respectively.  This 
performance  follows  closely  that  which  was  predicted.  The  roll 
rate'  increased  with  velocity  up  to  5  cycles  per  second  at  burn¬ 
out  after  which  it  diminished. 

The  second,  vehicle  assumed  divergent  coning  angles  in  the 
region  of  resonance  from  which  it  did  not  recover.  The  time 

A-l 
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rwwonaao#  «•*  deternlned  to  bo  approximately 
y 
o 


on  rouiBir  frequency  obtained  fro*  the 
wconU  flight  telemetry  data  end  ie  presented  in  Figure  a-3 
The  data  of  this  figure  show  a  higher  nitchlne  trmaimnnv  thn 
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important  because  the  Magnification  factor  increases  with  tine 
tup  to  burnout  < Figure  24)  and  was  higher  for  the  second  flight 
than  either  the  first  flight  or  predicted  value.  Mow, 
depending  upon  the  alsallgnaenti  present,  a  certain  trim  angle 
•ill  exist,  which,  when  signified  enough  can  bacons  quite 

. .  . . it  i«  conjectured,  to  dialnish  the  roll 

efficiency  . . .  the  line  upon  which  the  vehicle  is  dependent  to 

pass  through  resonance.  It  Is  believed  that  this  is  what 
occurred  in  the  second  flight  and  suet  be  avoided  to  insure 
p  rope  r  pe  r  f  emu  n  ce . 

Cons eg us . tly,  for  the  next  Archer  flight  the  delayed  igni . 

tion  of  the  eustalner  will  be  corrected  and  the  I in -cant  angle 

will  be  In  on to  20  Minutes,  Calculation*  Indicate  that 

Archer  should  then  pass  through  resonance  at  about  26  seconds 

of  elapsed  flight  tine  and  with  a  pitch  frequency  of  approx:;! . 

■ately  3.75  cycles  per  wo . end.  This  is  still  well  on  the 

descending  side  of  the  pitching  frequency  curve,  affording  a 
point  crossover,  and  it  is  expected  that  the  decrease  realised 
in  Magnification  factor  will,  be  sufficient  to  keep  the  vehicle 

t.r Isa  aegis  and  coeaequently  roll  . ate  within  tolerable  limits, 

f;lB0  bwaaficlal  will  be  the  li creased  roll  rate  in  ■iniM'islDf 
the  effects  of  any  Inherent  Misalign*, . ,Bte  in  the  system.  '  "* 
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No*  of 
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CtMiander,  Naval  Weapons  Laboratory 
Dmhlgren,  Virginia 
At  tin  i  Library 

Director,  Special  .Projects 
Department  of  the  Navy 
Washington  25,  I),  €, 

Attn:  SP-2722 

D I re  ctor  of  I n  t  e 1 1 1 gence 
Headquarters,  II SAP 
Washington  25,  D,  C. 

Attn:  APOIN . 3B 

Headquarters  -  Aero.  Systems  Division 
Wright -Patterson  Air  force  Base 
Dayton,  Ohio 
Attn:  WWAD 
Attn :  RRLA- Library 


Coauaander 

Air  Force  Ballistic  Mias  lie  Division 
HQ  Air  Research  fc  Development  Command 
P,  0,  Bo*  262 
I n g I ©wood ,  Ca 1 1 f orn 1 a 
Attn:  WDTLAR 

Ch lef ,  De  f on se  A t on i c  Supper t  Age n e  y 
Washington  25,  D.  C. 

A 1 1  n :  Doc  mate  n  t  L  tbra  r  y 


No.  of 
Copies 

1 


1 


1 


1 

1 


Headqua rters ,  Arnold  Engineering  Development  Center 
Air  Research  and  Development  Center 
Arnold  Air  Force  Station,  Tennessee 

Attn :  Technical  library  1 

Attn:  AKOR  ‘  j 

Attn:  AKOIM  ], 


Commanding  Officer,  DOPL 
Washington  25,  D,  C» 

Attn:  1 . ibrary,  Room  211,  Bldg.  92  1, 

Commanding  General 

U,  S,  Army  Missile  Command 

Re d s t o n e  A r s e n a  1 ,  Alabama 

Attn:  AM  SMI -HR '(Mr,  H.  Shapiro)  1 

At  tn :  AM  Si  I  -■  RB  { Redsto  ne  Sc  ie  n  1 1  f  1  c  I  n  forma  t  ion  Cen  tor)  1 
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George  C,  Marshall  Space  .Plight  Center 

Huntsville,  Alabaaa 


Attn:  Dr,  E,  Gaisaler 
•Attn:  Mr.  T.  Reed 
Attn:  Mr,  H,  Pmi l 
Attn:  Mr.  ».  Data 
Attn:  Mr,  I),  Burrows 
Attn:  Mr.  J,  Kingsbury 
Attn:  ORD AD-DA 


Con:  nii,a  inter 

U.S,  Air  Force  Cambridge  Research  Center 
Bedlord ,  Mias, 

Attn:  M,  Palmqulst 

Attn:  Li  briiry 

« 

API . .  (C-NOw  7386) 

8621  Georgia  Avenue 
Silver  Spring ,  Maryland 
A 1 1 n :  Tec hn 1 c  a 1  Re por t s  G rou  p 
Attn:  Mr.  D,  Fox 
Attn:  Dr,  F,  Hill 
Via:  INSOR.D 


force  systems  Command 
Seientifie  and  Technical.  Liaison  Office 

Ro< . .  23(13,  Munitions  building 

Department  of  the  Navy 
Washington  25,  b,c, 

Attn:  E.  G.  Haas 


Mr,  Foster  f,  Burgess 

Jjeadquart . *s  Air  Proving;  Ground  Center 

Code:  PGR HR 

(i;  1. ii i .ii  Air  lores  Base,  Florida 

Mr.  R.  G,  Vande  Vrede 

At  la . it  lc  Research  Corporation 

Shirley  Highway  and  Edsall  Road 
A 1  e  x  a  n  d  r  i  a ,  ¥  i  r  g  i  n  i  a 


. . .  General 


Whi  t 


Att 


e  Sands 


w„ 


Proving 
Webb 


Missile  Support 


Ground,  N.M, 
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Copies 


1 

1 

1 

1 

I 

1 


1 

I 


2 

1 

l 


1 


1 
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University  of  Minnesota 
Minneapolis  14 t  Minnesota 
A. tin;  Dr,  h,  A,  c.  Eckert 
Attn;  Heat  Transfer  Laboratory 
Attn;  Technical  library 


Rensselaer  Polytechnic  Institute 

'1Toy,  Now  York 

Attoi  Dept,  of  Aeronautical  Engineering 


D  r .  J  a  a  o  s  P ,  H  a  r  t,  n  e  1 1 
•Department  of  Mechanical 
University  of  Delaware 
Newark,  Be la  wire 


Engineering 


P  r  1  n  c  e  t:  o  n  (In  i  v  e  r  s  i  t  y 
Jaiiee  Forrest*  1  Research  Center 
Ca  »  D  y  n  a •  I  c s  La  bo  r  a  t  o  r  y 
P  r 1 n c v t o n ,  N e w  J  era e y 
Attn;  Prof,  S.  Bogdonoff 

Attn:  Dept,  of  Aeronautical  Engineering  Library 

Defense  Re sea rch  Labor# lory 
'The  University  of  Texas 
P,  0,  Box  8029 
Austin  12,  Texas 
Attn;  Assistant.  Director 


Ohio  State  University 
Columbus  10,  Ohio 

Attn;  . . urity  Officer 

A  t tn r  Ae r ©dynamics  Labors  Lory 
Attn:  Dr.  J.  Lee 

Attn;  Chairman,  Dept,  of  Aero,  Engineering 


California  Institute  of  Technology 
Pasadena ,  California 


Attn: 

Attn ; 
A  t  tn :: 
Attn : 
A 1 1  n : 

Attn : 
Attn: 


Guggenheim  Aero.  1 aboratory. 

Aeronautics  Library 

J  e  t,  Propu  1  s  1  on  L a  bora  t  o  r  y 

Dr,  H.  Llepmann 

Dr,  i.  Lees 

Dr,  D.  Coles 

Dr,  A,  itoshko 

Dr,  J,  Laufer 


Case  Institute  of  Technology 

Cleveland  6r  Ohio 
Attn:  0.  Kuerti 
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North  American  Aviation,  Inc , 

Aeroph  ys  1  as  1 .«  bor  a 1  or  y 
Downey,  California 

Attn:  Dr,  E.  R,  Van  Driest 
Attn:  Missile  Division  (Library) 

Department  of  Mechanical  Engineering 
Yale  Uni versify 
400  Temple  Street 
New  Haven  10,  Connecticut 
Attn :  Dr,  P,  P„  Wegener 

MIT  Lincoln  Laboratory 

Lex ingtoo ,  Maaeachuset t» 

RAND  Corporation 
1.700  Main  Street 
Sa n  t  a  Mon  i  c  a ,  Ca  1  i  f o r n  1  a 
Attn:  Library,  USA!  Project.  RANI) 
At  tn ::  Techn  ica  1  Commun  ica  t  Iona 

Mr.  J,  lukasiewlcz 

Chief ,  Gas  Dynamics  Facility 

ARO,  Incorporated 

Tu 1 lahoma ,  Tennessee 


Massachusetts 


Cambridge  39, 


Institute  of  Technology 
Massachusetts 


Attn: 

Prof  „ 

J.  Kaye 

A 1 1  o 

Prof , 

M„  Fins ton 

Attn : 

Mr.  J 

Baron 

A  t  t  n  : 

At:  t  n .: 

Prof, 

A.  F.  Shapiro 

Na  va  1 

Sup© r son i c  La bo r a t  . . .  y 

Attn :: 

Aero « 

Engineering  library 

Attn : 

Prof , 

Ronald  F,  Probstsin 

A 1 1  n : 

Prof . 

C„  C.  Lin 

Polytechnic  Institute  of  Brooklyn 
527  Atlantic  Avenue 
Freeport ,  Mew  York 
Attn:  Dr,  A,  Ferri 
Attn:  Dr.  M.  Bloom 
Attn:  Dr,  P.  Libby 
Attn :  Aerodynamics  Laboratory 

Brown  University 
D 1 v i s 1 on  of  En g i m ©e ring 
IP  r  o  v  1  d,  e  a  c  e ,  Rh  o  d  e  I  s  1  a  n  d 
Attn:  Librarian 


Mo,  of 
Copies 
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Air  Ballistics  Laboratory 
Army  Ballistic  Missile  Agency 
Huntsville,  Alabama 

Applied  Mechanic?  Reviews 
Southwest  Research  Institute 
3  LOO  Culebra  Road 
San  Antonio  6,  Texas 

BuWeps  Represents t Ive 

Aeroj  et . Genera  1  Corpora  t i on 

6352  IN,  I  r  win  dale  Avenue 
Azusa,  Cal ifornia 

The  Boeing  Company 
Seattle,  Washington 

Attn"  J.  H.  Russell,  Aero . Space  Division 

Attn:  Research  library 

United  Aircraft  Corporation 
400  Main  Street 
East  Hartford  8,  Connecticut 
Attn:  Chief  Librarian 

Attn*  Mr,  W,  Kuhrt ,  Research  Dept.  2 

Attn:  Mr,  J.  G,  Lee 

H u g h e s  A i rcr a f t  Com p a n y 
Florence  Avenue  at  Tea  J e  Streets 
Cu  I  v  e  r  C  i  t  y ,  Ca  1 1  f  or  n  i  a 
Attn:  Mr,  D.  J.  Johnson 

RM>  Technical  Library 

Me  Don  tie  1 1  A  ircraf  t  Corpora  t  ion 

P,  0.  Box  516 

St.  Louis  3,  Missouri 

Lockheed  Missiles  and  Space  Company 
P.  0,  Box  504 


Sunnyvale ,  Ca 1 Ifornia 


Attn  : 

Dr, 

1 , 

II.  Wilson 

A 1 1  n : 

Mr, 

M  „ 

Tucker 

A 1 1  n  : 

Dr. 

R. 

Smelt 

Martin  Marietta  Corp. 
Baltimore  3,  Maryland 
Attn :  Library 
Attn :  Chief  Aerodynamic  1st 
Attn:  Dr,  W„  Morkovin 

Aerophysics  Division 


r 


NGLTR  63-144 

A E ROD YN AU1CS  DEPARTMENT 
EXTERNAL  DISTRIBUTION  LIST  (AS) 


OONVA1R 

A  Division  of  'General  Dynamics  Corporation 
Fort  Worth,.  Texas 
Attn :  library 

Attn :  Theoretical  Aerodynamics  Group 
Purdue  University 

Sell oo  1  of  Aeronautical  k  Engineering  . . fences 

LaFayette,  Indiana 
Attn:  R,  L.  Taggart,  Library 

U  n  i  v  e  r  s  i  t  y  o  f  H  a  r  y  1  a  n  d 
College  Park,  Maryland 
Attn:  Director 
Attn:  Dr,  J.  Burgers 

Attn :  Librarian,  Engr.  &  Physical  Sciences 
Attn:  Librarian,  Institute  for  Fluid  Dynamics 
and  Applied  Math  emit  tics 
Attn:  Prof.  S,  1.  pai 

U n  1  v e  r s  i  t  y  of  II 1  c  h  i  g a  n 
Ann  Arbor,  Michigan' 

Attn:  Dr.  A .  Knot he 
Attn:  Or,  A.  La porte 

Attn i  Department  of  Aeronautical  Engineering 

Stanford  University 
Palo  Alto,  California 

Attn:  Applied  Mathematics  6  Statistics  Lab. 
Attn:  Prof.  D,  Bershader,  Dept,  of  Aero,  Engr. 

Cornell  University 

Graduate  School  of  Aeronautical  Engineering 
Ithaca,  New  York 
Attn:  Prof.  W,  R,  Sears 


The  Johns  Hopkins  University 
Charles  and  34th  Streets 
Baltimore,  .Maryland 

Attn:  Dr,  F.  H,  Cl  a user 


University  of  California 


Berkeley 

4,  California 

Attn : 

G.  Maslach 

Attn : 

Dr,  H,  A.  Sc ha a f 

Attn : 

Dr.  Holt 

Attn: 

I  n s  1 1 1  u  t e  of  Bn g  1.  nee  r  t n g 

No,  of 
Coj  lee 
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Cornell  Aeronautical  Laboratory,  Inc. 
4455  Genesee  Street 
Buffalo  21 ,  New  York 
Attn;  Librarian 
Attn:  Br.  Franklin  Moore 
Attn;  Dr,  J.  G.  Hall 
Attn;  Mr,  A,  Hertz berg 

University  of  Minnesota 
fit  o  s  e.n  o  un  t  Re  *  e  a  r  c  h  La  b  o  r  a  t;  o  r  i  e  s 
Rose mount ,  Minnesota 
Attn  Technical  library 

Director,  Air  University  Library 
Maxwell  Air  Force  Base,.  A  la  bum  a 

Douglas  Aircraft  Company,  I  nr, 

Santa  Monica-  Division 
3000  Ocean  Park  boulevard 
3a  n ta  Mon ic a ,  Ca 1 1 forn 1 a 
Attn:  Chief  Missiles  Engineer 
Attn;  Aerodynamics  Section 


CONVAIR 

A  Division  of  General  Dynamics  Corporation 
Daingerf ield ,  Texas 


C0NVA1  fit 

Sc len t if ic  Re sea rch  Labor® tory 
5001  Kearney  Villa  Road 
San  Diego,  California 

Attn:  Aset,  to  the  Director  of  Scientific  Research 
Attn:  Dr,  B,  M.  Lea don 
Attn:  Library 

Republ ic  Avia t ion  Corporation 
Farmlngdale,  New  York 
A 1 1 n :  Tec h n ! c a  1  LI  bra r y 

General  Applied  Science  Laboratories,  Inc, 

M o r r Ic k  a n d  St e w a r t  A v e n u e s 
West bury,  I  .  I , ,  Now  York 
Attn:  Mr,  Walter  Daskin 
Attn:  Mr.  S,  W,  Byrne 
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Arnold  Research  Organization,  Inc. 

T  u  1 1  a  h  on  a ,  To  n  n  e  a  •  e  e 
A t t n i  Tochn leal  library 
A 1 1  n :  Ch i e f ,  P r opu 1 s Ion  w  1 n d  In n n e 1 

Attn:  Dr,  J.  J.  Potter 

Genera  1  Elec tr lc  Company 
Missile  Space  Division 
3198  Chestnut  Street 
Ph  1 1  a «:J  e  1  pi1  ia ,  Pen  n s  y  1  va  n  1  a 

Attn:  Larry  Chasen,  Mgr.  Library  2 

Attn:  Mr.  R.  Kirby 

Attn:  Dt .  J.  Par bur 

Attn  Dr,  C.  Sutton 

Attn:  Dr,  J,  D.  Stewart 

Attn:  Dr,  S,  I!,  Sea  la 

Attn:  Dr ...  II.  Lew 

Attn:  Mr.  J,  Persh 

Eastman  Kodak  Company 
Nav y  Ordn a n c  e  D 1 v 1 s i on 
SO  West  Main  Street 
Rochester  H,  Now  York 

Attn:  W.  H.  Forman  2 

Library  3 

AVCO . Everett  Research  1 aboratory 

2385  Revere  Beach  Parkway 
E v e re 1 1  49 ,  Ma  s sa ch u se 1 1 s 

Chance . Vought  Corp . 

Post  Oil  Ice  Box  5907 
Dallas ,  Texas 
Library  1 . 6310/3L-2884 

National  Science  Foundat ion 
1951  Constitution  Avenue,  N.  W, 

Washington  25,  D.  C, 

Attn:  Engineering  Sciences  Division 

New  York  University 
University  Heights 
New  York  53,  New  York 

Attn :  Department  of  Aeronautical  Engineering 
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Haw  York  University 
2S  lever ly  PI1  ice 
New  York  3,  Net  York 

Attn:  Library,  Institute  of  Math.  Sciences 
NORA  I  It 

A  Division  of  Northrop  Corp. 

Hi w  t hor ne ,  C* I i torn i* 

Attn:  Library 

N o r t h r o p  A 1 r craft,  In c , 

Hawthorne ,  Cai ifornia 
Attn:  I . 1  hr ary 

Gas  Dynamics  Laboratory 
T e c h n o I o g i e a  1  1 n stitut e 
N  o  r  t:  h  *  e  s  t  ©  r  u  University 
Evanston ,  1)1 inols 
Attn ;  Library 

P  e  n  n  s  y  1  v  a  n  i  a  3 1  a  t  e  Un  i  v  e  rs  1 1  y 
tf i:i  1  v e r sit y  P a r k ,  P s n n s y  1  v a n i a 

Attn:  Library,  Dept,  of  Aero.  Engineering: 

The  Ra*o-Wooldr ldge  Corpora t Ion 
8820  Bel lanca  Avenue 
l o s  A n gel e s  4 6 ,  California 

Gifts  and  Exchanges 
Koodrcn  Library 
Rice  Institute 
P.  0,  Box  1892 
Houston  1,  Texas 

l! o  l  v e  r s  1 1  y  o  f  S ou  t hero  C a  1  i  f  o r n  1  a 
Engineering  Center 
Los  Angeles  7,  California 
Attn ;  Librarian 
Attn:  Dr.  R,  Chaun 

The  Editor 

B  a  f  t  e  1. 1  e  Te  c  h  n  leal  Re  view 
B a 1 1 e 1 1 e  Me m o  r  i  a  1  I n s  t i t u t e 
505  King  Avenue 
Columbus  1 ,  Ohio 

Douglas  Aircraft  Company,  Inc , 

El  Sep; undo  Division 
El  Segundo,  California 
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F I u 1 Dyne  Kp g 1 neer log  Corp , 

5740  Wayzitt  Blvd. 

Golden  Valley 
Minneapolis  16,  Minnesota 

Grunina n  Aircraft  Engineering  Corp. 

Bethpage,  I .  I , ,  New  fork 

Lockheed  Missile  and  Space  Company 
P.  0.  Box  SSI 
Burbank,  California 
Attn;  Library 

Marquardt  Aircraft  Corpora tlon 

7801  Havenhurat 

Van  Nuys,  California 

The  Martin  Company 
Denver,  Colorado 
Attn;  Library 

The  Martin  Company 
Orlando  Division 
Orlando,  Florida 
Attn :  J,  Mayer 

ill  1 8  s  1st  1  p  p  i  St  a  t  e  Co  1 1  e  ge 

Engineering  and  Industrial  Research  Station 

Ae  roph  y»  les  Depa  r  taien  t 

P,  0.  Box  248 

S  t  a  t;  e  C  o  1 1  e  g  o ,  Mi  s  s  1  a  a  1  p  p  i 

Lockheed  Missile  and  Space  Company 
3251  Hanover  Street 
Palo  Alto,  California 
Attn ;  Library 

G  e  a  e  r  a  1  E 1  e  c  t  r  i.  c  Co*  p  a  n  y 
Research  Laboratory 
Schenectady ,  New  York 
Attn:  Dr.  H.  T.  Nagamatsu 
Attn :  Library 

F  lu  Id  JDyn  am  ic  s  La  bo  ra  tor  y 
Meehan  lea 1.  Engineering  Dtp*  rtmen t 
. . .  Institute  of  Technology 

Hoboken ,  New  Jersey 

A 1 1 n :  D r .  R .  H,  Page,  D i r © c t: o r 

13 


NQLTR  63-144 


A  EHODYNAMI.CS  DEPARTMENT 
EXTERNAL  DISTRIBUTION  LIST  (A2) 

No,  of 
Copies 

Department  of  Mechanical  Engineering 
University  of  Arizona 
Tucson ,  Arizona 
Attn:  Dr,  E.  K.  Parks 

Vitro  Laboratories 
2 CM)  Pleasant  Valley  Way 

lest  Orange,  New  Jersey 

Depa r taient  of  Aeronautics  1  Engineer lng 
University  of  lashing  ton 
Seattle  5,  Washington 

Attn:  Prof.  ft.  E.  Street 
Attn :  Library 

Ae  ron a  u  t:  i ca  1  En g  i nee r  ing  Re v  ie » 

2  East  64 th  Street 
New  York  21,  New  York 

I  n  a  t  i  t  u  t  e  o  1  A  e  r  on  a  u  1 1  c  s  a  n  d  A  s  t  r  o  na  u  1. 1  c  $ 

500  fifth  Avenue 
New  York  36,  New  York 
Attn  Managing  Editor 
Attn :  Library 

Depa r tmien t  of  Aeronau t  ics 
United  States  Air  Force  Academy 

Colorado 

MHD  Research,  Inc. 

Newport  Beach ,  California 

Attn:  Dr.  V,  H.  Blackman,  Technical  Director 

University  of  Alabama 
College  of  Engineering 
University,  Alabama 

Attn:  Prof.  C.  H.  Bryan,  Head 

Dept,  of  Aeronautical  Engineering 

A  ROE  Associates 
100  W.  Century  Road 
Pa  ramus,  New  Jersey 

Attn:  Mr.  Edward  Coopeman 

. . . ics 1  Research  Associates  of  Pr inee ton 

50  Washington  Road 
Princeton,  New  Jersey 

A 1 1  n •  Dr .  C .  Du P .  Dona  1 da on ,  P re s 1 de n t 
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Dmnlel  Guggenheim  School  of  Aeronautics 
Georgia  Institute  of  Technology 
Atlanta,  Georgia 

Attn:  Prof,  A.  L.  Ducoffe 

University  of  Cincinnati 
Cincinnati ,  Ohio 

Attn:  Prof.  R.  p,  Harrington,  Head 

. . .  of  Aeronautical  Engineering 

Attn  Prof,  Ting  Yi  Li,  Aerospace  Engineering  Dept 

¥ i rg i n ia  Pol y t  echo  tc  I ns  1 1  tut e 
Dept,  of  Aerospace  Engineering 
Blacksburg,  Virginia 
Attn:  Dr.  R ,  T.  Keefe 

Attn:  Dr.  J.  B.  Eades,  Jr. 

Attn:  Library 

IBM  Federal  System  Division 
7220  Wisconsin  Avenue 
Bet heads ,  Maryland 
Attn:  Dr.  I.  Korobhln 

Superintendent 

II,  S,  Nava!  Postgraduate  School 
Monterey,  California 

Attn:  Technical  Reports  Section  Library 

N  a  1 1  o n  a  1  Du  r e a  u  o f  S  t  a n  d  a  r d  s 
Washington  25,  D.  C. 

Attn:  Chief,  Fluid  Mechanics  Section 

No  r  t  h  Ca  ro  1  i  n a  S t;  n  t  e  Col  1  ege 
Raleigh,  North  Carolina 
Attn:  Division  of  Engineering  Research 
Technical  Library 

Defense  Research  Corporat ion 
P,  0.  Box  No,  3587 
Santa  Barbara,  California 
Attn:  Dr.  J.  A,  La u naan n 

A e roj e t . Gen e ra 1  Corpora  t ion 

'8352  North  Irvlndule  Avenue 

Box  296 

A  situs  • ,  California 
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Apollo  DDCS 
Genera  1  S 1 ec t r i c  Coup* n y 
AM  Building,  Room  204 
Daytona  Beach,  Florida 
Attn:  Dave  Movie 

University  of  Minnesota 
Inst  1 tute  of  Technology 
Minneapolis,  Minnesota 
Attn  Prof,  J,  0.  Akerntn 

Gu  g  g:  o  n  h  e  i  »  L  a  ho  r  atory 
Stanford  University 
Stanford,  Cnl  Horn  it 

Attn:  Prof .  D,  Bershader,  Dept,  of  Aero.  Engineering 

S p a c e  Te c fa n o  1  ogy  1  ,a  h o r a  t o r y 

Los  Angeles,  California 
Attn :  Dr.  D.  Bit on do 

University  of  Illinois 

Dept,  of  Aeronautical  and  A  tronautical  Engineering 
Urban a,  Illinois 

Attn:  Prof,  B.  S.  St  11  veil 

Armour  Research  Foundat ion 
1 1 1 1 no i s  1 n a 1 1 1 u t o  o f  Te c  h n o 1 o g  y 
10  West:  35th  Street 
Chicago  16,  111  tools 
Attn:  Dr.  L.  ft.  Wilson 

In . .  of  the  Aeronautical  Sciences 

I i  f  i c  A e r o n a u t  i c a  1  Mb r a  r y 

7600  Beverly  Boulevard 
Los  A  in  ge  1  e  s  3  6,  Ca  1 1  f  or  n  i  a 

University  of  California 

Dept ,  of  Mat  he sat  tea 
Los  An ge 1 e  s ,  Ca 1 i f or  n i a 
Attn:  Prof.  A.  Robinson 

Lou 1 s la n a  S tat e  Un I ve r s i t  y 
Dept .  of  Aeronautical:  Engineering 
Col  lege  of  Engineering 
Baton  Rouge ,  Louisiana 
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Mathematical  Hev lean 
A* e  r  I  e  a  rt  Hi  t  heat  1 1  ca  1  So c  ie  t; y 
80  Wat era an  Street 
•Providence  6,  Rhode  Island. 

Stanford  U'n  t  vers  It  y 
Dept,  of  Aeronaut  Ira  1  Engineering 
Stanford,  Cal  Horn  la 
Attn :  Library 

University  of  C  11  f or n la 
Ae ronaut lea  1  5c lences  La bora tory 
Richmond  Field  Station 
1301  South  46th  Street 
Richmond ,  Ca  1  Horn  in 


University  of  Denver 

Dept,  of  Aeronautical  Engineering 

Denver  10,  Colorado 

University  of  Chicago 
La  bo  r  a  t  o  r  1  e  s  f  o  r  A  p  p  1  led  S  c  1  e  n  c  e  s 
U \ i S e u a  o f  S c  1  e n c e  and  Industry 
Chicago  37,  Illinois 
Attn ,  Librarian 

Un 1 verst t y  of  Col orado 

Dept .  of  Aeronautical  Engineering 

Boulder ,  Colorado 

University  of  Illinois 
Aeronaut  lea  I  Dep t . 

C  h  t  a  p  at  go ,  I  HI  no  is 

Un  1  v  e  r  a  1 1  y  o  f  Ke  n  t  u  c  k  y 
Dep  t  „  o t  Ae non  a u t i c a  1  En g i nee  r i n  g 
Col  lege  of  Engineering 
Lexington ,  Kentucky 


tin  live  ratty  of  Toledo 

Dept .  of  Aeronautical  Engineering 

Research  Foundation 

Toledo,  Ohio 


U  n  1  v  e  r  s  i  t  y  o  f  W  a  n  h  i  n  g  t  o  n 
Dept,  of  Aeronaut ica 1  Engineering 
Sea 1 1 le,  Washington 
Attn :  Librarian 
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No.  of 


Aeros p tee  Corpora t ion 

Advanced  Propulsion  and  Fluid  Mechanics  Dept. 

P.  0.  Box  95085 

Los  A nge 1 e  s ,  Ca 1 1 lorn i a 

Bo e i n g  S e 1 e a t i f 1 c  Re sear e h  La bo r a t o r y 
P.  0.  Box  3981 
Seattle  24,  Washington 
Attn:  Dr.  A.  K.  Srukanth 
Attn:  C.  J,  Appenhe later 

Vldya,  Inc. 

2626  Hanover 
Palo  Alto,  California 
Attn:  Mr.  J.  it.  St  alder 
Attn:  Library 

'General  Electric  Co. 

FPD  Technical  Information  Center  F . 22 

Cincinnati  15,  Ohio 

N or t hwes t e rn  Uo ive rsit y 
T  e  c  b  n  o  1  o  g  1  e  a  1  I  n  s  1 1 1  u  t  e 
Evanston,  1 1 1 1 no Is 

Attn  Dept,  of  Mechanical  Engineering 

Harvard  University 
Ca iiibr  id ge ,  H a ssa  ch  u se  1 1 s 

Attn:  Prof .  of  Engineering  Sciences  and  App lie . .  Physics 

At tn :  Library 


University  of  Wisconsin 
P.  ().,  Box' 2127 
Madison ,  Wisconsin 

Attn:  Prof.  J.  0.  H irschf elder 
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